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Abstract:
Decisions made at early stages of the design are of the utmost importance for the 
energy-efficiency of buildings. Wrong decisions and design failures related to a 
building’s general layout, shape, façade transparency or orientation can increase 
the operational energy tremendously. These failures can be avoided in advance 
through simple changes in the design. Using extensive parametric energy simulations 
by DesignBuilder, this paper investigates the impact of geometric factors for the 
energy-efficiency of high-rise office buildings in three climates contexts: Amsterdam 
(Temperate), Sydney (Sub-tropical) and Singapore (Tropical). The investigation is carried 
out on 12 plan shapes, 7 plan depths, 4 building orientations and discrete values 
for window-to-wall ratio. Among selected options, each sub-section determines the 
most efficient solution for different design measures and climates. The optimal design 
solution is the one that minimizes, on an annual basis, the sum of the energy use for 
heating, cooling, electric lighting and fans. The results indicate that, the general building 
design is an important issue to consider for high-rise buildings: they can influence 
the energy use up to 32%. For most of the geometric factors, the greatest difference 
between the optimal and the worst solution occurs in the sub-tropical climate, while 
the tropical climate is the one that shows the smallest difference. In case of the plan 
depth, special attention should be paid in a temperate climate, as the total energy use 
can increase more than other climates. Regarding energy performance, the following 
building geometry factors have the highest to lowest influence: building orientation, 
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Plan shape (12 forms)
Plan aspect ratio (1:1, 2:1, 3:1, 4:1, 5:1, 8:1 and 10:1)
Building orientation (0º, 45º, 90º and 135º)
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Shading control type Glare
Maximum allowable glare index 22
BUILDING OPERATION DETAILS
HVAC system type Dual duct VAV
Heating Gas-fired condensing boiler
Heating set point temperature* 20 °C
Cooling DOE-2 centrifugal/5.50COP
Cooling set point temperature* 24 °C
Fan Power 2 W/l-s
Fan total efficiency 70%
Fresh air supply rate 10 l/s-person
Infiltration 0.5 ac/h
Lighting target illuminance 400 lux
Type of lighting Fluorescent
General lighting power density 3.4 W/m2-100 lux
Office equipment gain 11.77 W/m2
Occupancy density 0.11 people/m2
Occupancy schedule Weekdays: 7:00 – 19:00; weekends: closed
1- Glazing type A is selected for temperate climates. 2- Glazing type B is selected for sub-tropical and tropical cli-
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BUILDING PARAMETER CLIMATE VALUES MAX. VARIATION kW h/m2 - (%)R
Glazing type Temperate A *, max, D min 4.1 - (4%)
Sub-tropical A max, B *, min, D 12.6 - (17%)
Tropical A, B *, min, C max, D 21.8 - (16%)
Shading system Temperate E min, F max, G * 11.3 - (13%)
Sub-tropical E, F max, G *, H min 6.7 - (9%)
Tropical E, F max, G *, H min 18.1 - (15%)
GLAZING DESCRIPTION U-VALUE SHGC 1 TSOL 2 TVIS 3
Type A. Dbl LoE (e2=.1) Clr 6mm/13mm Arg 1.50 0.57 0.47 0.74
Type B. Dbl LoE Spec Sel Clr 6mm/13mm Arg 1.34 0.42 0.34 0.68
Type C. Dbl Ref-A-H Clr 6mm/13mm Arg 2.26 0.22 0.13 0.18
Type D. Trp LoE (e2=e5=.1) Clr 3mm/13mm Arg 0.79 0.47 0.36 0.66







* The selected glazing type or shading system.
min= The design alternative that resulted in minimum energy use.
max= The design alternative that resulted in maximum energy use.
R= The maximum variation in relative terms.
1 SHGC= solar heat gain coefficient.
2 TSOL= direct solar transmission.
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CITY CLIMATE TYPE HDD CDD
Amsterdam1 Temperate 2759 149
Sydney2 Sub-tropical 594 896
Singapore3 Tropical 0 3657
1-Amsterdam Schiphol Airport, Netherlands (4.77E, 52.30N).
2-Sydney Airport, Australia (151.17E, 33.95S).
































































Outside Dry-Bulb Temperature Direct normal solar radiation









































Outside Dry-Bulb Temperature Direct normal solar radiation













































Outside Dry-Bulb Temperature Direct normal solar radiation
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PLAN SHAPE Shape 1 Shape 2 Shape 3 Shape 4 Shape 5 Shape 6
Share of each 





















100% 103% 107% 113% 128% 130%
Plan depth 
indicator 
47% 48% 52% 52% 58% 62%
PLAN SHAPE Shape 7 Shape 8 Shape 9 Shape 10 Shape 11 Shape 12
Share of each 






































157% 175% 175% 176% 176% 178%
Plan depth 
indicator
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Shape 1 15.1 22.5 17.9 27.3 82.8 1.4%
Shape 2 15.2 22.6 17.1 27.4 82.3 0.9%
Shape 3 ® 14.9 22.5 17.2 27.0 81.6 ---
Shape 4 15.2 23.5 17.5 28.7 84.9 4.0%
Shape 5 15.6 24.3 16.4 29.7 86.1 5.4%
Shape 6 15.5 24.2 15.8 29.4 84.9 4.0%
Shape 7 18.5 24.1 14.6 30.5 87.6 7.3%
Shape 8 19.2 24.4 15.6 31.2 90.4 10.7%
Shape 9 19.7 24.6 13.9 31.4 89.6 9.7%
Shape 10 19.5 24.3 14.6 31.0 89.4 9.5%
Shape 11 18.5 25.8 14.0 32.6 90.8 11.2%
Shape 12 18.9 26.0 14.4 32.9 92.1 12.8%
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Shape 1 0.4 33.5 13.6 27.6 75.2 4.5%
Shape 2 0.4 33.6 12.8 27.7 74.6 3.7%
Shape 3 ® 0.3 32.3 12.7 26.5 72.0 ---
Shape 4 0.4 34.2 12.6 28.4 75.7 5.1%
Shape 5 0.4 35.8 13.5 30.1 79.8 10.9%
Shape 6 0.3 32.8 11.7 28.0 72.8 1.2%
Shape 7 0.5 36.0 11.8 30.1 78.4 9.0%
Shape 8 0.5 36.3 11.3 30.5 78.5 9.1%
Shape 9 0.6 36.9 11.4 31.1 80.0 11.1%
Shape 10 0.5 37.1 10.7 31.3 79.6 10.5%
Shape 11 0.4 35.9 10.6 30.2 77.0 7.0%












































































Shape 1 0.0 75.4 11.7 28.4 115.5 0.5%
Shape 2 ® 0.0 75.5 10.8 28.6 114.9 ---
Shape 3 0.0 75.5 11.3 28.4 115.3 0.4%
Shape 4 0.0 76.7 11.3 29.5 117.6 2.4%
Shape 5 0.0 79.0 10.4 31.6 121.0 5.4%
Shape 6 0.0 77.8 10.2 30.3 118.3 3.0%
Shape 7 0.0 79.0 10.6 31.4 121.0 5.4%
Shape 8 0.0 80.1 9.7 32.3 122.1 6.3%
Shape 9 0.0 79.6 8.7 31.9 120.2 4.7%
Shape 10 0.0 81.0 9.2 33.2 123.3 7.4%
Shape 11 0.0 80.5 8.7 32.2 121.4 5.7%



























































































1:1 2:1 3:1 4:1 5:1 8:1 10:1
Building  
shape
Share of each 
façade from 
the total 





















100% 120% 130% 140% 150% 180% 197%
Plan depth 
indicator

















































































































































CLIMATE TYPE /  
PLAN ASPECT RATIO
Temperate Sub-tropical Tropical
1:1 5:1 1:1 5:1 1:1 5:1
Recommended 
WWR value (%)
North 10-90 10-70 10-15 15-40 10-50 10-35
East 35-60 No glazing 10-20 No glazing 10-20 No glazing
South 65-75 25-35 10-70 10-40 10-80 10-55
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TEMPERATE SUB-TROPICAL TROPICAL
Plan shape A B C D A B C D A B C D
<1% Ellipse + + Ellipse + + Octagon + +
Octagon + + Ellipse + +
Circle + +
1-5% Circle + + Rectangle + Square + +
Square + + Octagon + + Rectangle +
Rectangle + Circle + + + shape +
5-10% Triangle Square + + Triangle
Atrium + Z shape + Courtyard +
U shape + Courtyard + Z shape +
+ shape + H shape + H shape +
U shape +
>10% H shape + U shape + Y shape +
Z shape + Triangle
Y shape + + shape +
Y shape +
MD (%) 12.8 15.7 11.0
Plan aspect ratio
<1% 1:1, 2:1, 3:1 3:1, 4:1 1:1, 2:1, 3:1
1-5% 4:1, 5:1 1:1, 2:1, 5:1, 8:1 4:1, 5:1
5-10% 8:1 10:1 8:1, 10:1
>10% 10:1 --- ---
MD (%) 12.4 6.0 8.8
Plan orientation 1:1 3:1 5:1 10:1 1:1 3:1 5:1 10:1 1:1 3:1 5:1 10:1

















--- --- --- --- --- 135°
90°








--- --- --- ---





WWR (%):  
deep plan (1:1)
N E S W N E S W N E S W
<1% 10-90 35-60 65-75 10-15 10-15 10-20 10-70 10-20 10-50 10-20 10-80 10-20




15-90 15-50 20-90 70-90 20-90 50-90 20-90 80-90 20-90
5-10% --- --- --- --- 50-80 --- --- --- --- --- --- ---
>10% --- --- --- --- 80-90 --- --- --- --- --- --- ---
MD (%) 0.5 2.8 1.8 4.5 11.3 2.9 1.1 3.1 2.9 3.3 1.1 3.0
WWR (%):  
narrow plan (5:1)
N E S W N E S W N E S W
<1% 10-70 --- 25-35 --- 15-40 --- 10-40 --- 10-35 --- 10-55 ---




--- 40-90 --- 35-70 --- 55-90 ---
5-10% --- --- 55-85 --- 75-90 --- --- --- 70-90 --- --- ---
>10% --- --- 85-90 --- --- --- --- --- --- --- --- ---
MD (%) 3.0 --- 10.3 --- 6.8 --- 5.2 --- 8.6 --- 3.2 ---
Energy efficiency of design options:
  <1% (remarkable energy saving)
  1-5% (average energy saving)
  5-10% (low energy saving)
  >10% (not recommended)
A: High space efficiency
B: Aerodynamic form
C: Narrow plan (NV & daylight access)
D: Less material use for external envelope































1:1 15.2 23.5 17.5 28.7 84.9 0.8%
2:1 ® 15.3 23.6 16.7 28.6 84.2 ---
3:1 15.5 24.2 15.8 29.4 84.9 0.8%
4:1 15.6 24.9 15.0 30.4 85.9 2.1%
5:1 15.9 25.8 14.4 31.4 87.5 3.9%
8:1 16.7 27.8 13.0 34.3 91.8 9.0%
10:1 17.2 29.0 12.4 36.0 94.7 12.4%
SYDNEY
1:1 0.4 34.2 12.6 28.4 75.7 4.0%
2:1 0.3 33.3 12.3 27.6 73.5 1.0%
3:1 ® 0.3 32.8 11.7 28.0 72.8 ---
4:1 0.2 33.5 11.3 28.0 73.0 0.3%
5:1 0.2 34.0 10.9 28.5 73.6 1.1%
8:1 0.2 35.3 10.2 30.0 75.7 4.0%
10:1 0.2 36.1 10.0 30.9 77.2 6.0%
SINGAPORE
1:1 0.0 76.5 11.3 29.5 117.6 0.3%
2:1 ® 0.0 76.7 10.8 29.7 117.2 ---
3:1 0.0 77.8 10.2 30.3 118.3 0.9%
4:1 0.0 78.7 9.5 31.2 119.4 1.9%
5:1 0.0 79.7 9.0 32.1 120.8 3.0%
8:1 0.0 82.6 8.1 34.3 125.0 6.6%
10:1 0.0 84.2 7.7 35.7 127.5 8.8%





























































































































§  4.1 Introduction
During the last decade, international organizations have put considerable effort 
toward energy-efficiency in buildings as evidenced by EU Energy Efficiency Action 
Plans for 2020 and 2030 (European Commission, 2014; Pacheco Torgal et al., 2013). 
Currently, buildings account for almost 40% of total energy consumption and 36% 
of greenhouse gas emission in European countries (European Commission, 2007). 
The largest amount of energy consumption in commercial buildings is for space 
heating, cooling, ventilation and electric lighting. The building envelope is the interface 
between the indoor and the outdoor environment. It determines the amount of energy 
required to maintain thermal comfort. One of the best options for saving energy in 
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